The role of magnesium in postischemic cardiac dysfunction.
The biochemical basis for postischemic myocardial stunning is not fully elucidated. Magnesium is an important regulator of cellular energetic processes and excitation-contraction coupling. We hypothesized that the decrease in function in the postischemic period may be the result of an alteration in magnesium regulation. In a Langendorf perfused rabbit heart model, we used 31P nuclear magnetic resonance spectroscopy to noninvasively determine intracellular Mg2+ and high-energy phosphate levels in the preischemic period and after a 30-minute period of normothermic ischemia. We measured adenosine triphosphate (ATP), phosphocreatine, and the phosphocreatine/inorganic phosphate ratio and calculated the free energy of ATP hydrolysis (delta GATP). On reperfusion, hearts were divided into three groups (n = 7 per group)--those receiving unmodified Krebs-Henseleit (control), 192 ng/ml dobutamine, or 5 mmol/L pyruvate. Function (expressed as the rate-pressure product) was approximately 77% of preischemic values in the control group, whereas in both dobutamine and pyruvate groups it returned to preischemic levels. ATP was decreased similarly in all groups in the postischemic period. Phosphocreatine/inorganic phosphate ratio and delta GATP were higher in the pyruvate group compared with the other groups. Intracellular Mg2+ was elevated significantly in the unmodified control postischemic group compared with preischemic, postischemic dobutamine, and pyruvate groups (1.0 +/- 0.12 vs 0.80 +/- 0.08, 0.64 +/- 0.08, and 0.70 +/- 0.05 mmol/L, respectively; p less than 0.05). We conclude that (1) postischemic "stunned" hearts have elevated Mg2+ levels in association with impaired contractile function, (2) inotropic agents improve contractile function in association with a decline in Mg2+ to preischemic levels despite differing effects on intracellular energetics, and (3) Mg2+ may play an important regulatory role in the heart after ischemia.